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Evaluation of different levels of integral silage of sweet potato (Ipomoea
batatas) as energetic source for growing cattle
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In order to evaluate different levels of integral sweet potato
silage, as energy source for growing cattle, four substitution
levels of ground maize grain by silage on dry basis (0, 33, 75 and
100 %) in iso-energetic rations (10.8 MJ ME kg™, dry matter)
and iso-protein (12.1 % crude protein, dry basis) were studied.
A completely randomized design with factorial arrangement
(4 x 2) and four animals per treatment was used. There was no
effect of the substitution on live weight gain: 1.467, 1.351, 1.430
and 1.345 kg animal d! for 0, 33, 75 and 100% substitution
(P > 0.05).The dry matter intake decreased from 2.70 to 2.28 kg
DM/100 kg live weightd!' when increasing the substitution level
from 0 to 100%. This affected the crude protein and metabolizable
energy intake. The apparent digestibility of the dry matter
decreased with the substitution (P<0.0127, 74.92, 69.83, 70.67 and
70.36%), which reduced the metabolizable energy intake (30.46 to
24.39 MJ/100 kg of live weight d!). The substitution level did
not affect feed conversion (P> 0.05, 5.74 kg DM / kg live weight
gain), but linearly decreased the feeding cost. It is concluded that
the integral sweet potato silage did not affect the live weight gain
and feed conversion, and decreased by 46 % the feeding cost, when
replacing 100% of the ground corn kernel.

Key words: sweet potato silage, substitution level, kernel maize,
weight gain, feeding cost

In general, the concentrates for cattle and other
commercial species include maize and other traditional
resources as energy sources, whose availability and
prices compromise their use in many countries, as
they require their importation. This condition has
aroused interest in non-traditional alternative sources.
The sweet potato ([pomoea batatas) seems to be an
alternative, because is a crop that adapts to a great
variety of tropical edaphoclimatic conditions, allowing
several production cycles per year (Gomez 2003). The
tuber of this crop is characterized as a food resource of
high yield and energy value. It has high starch content
on dry basis (71.5 %) and sugars (5.1 - 14.0 %), but
is low in crude fiber (2.2 - 5.4 %) and crude protein
(4.9 %). In contrast, foliage is high in CP (18.6 -
22.8 %), crude fiber (19.2 - 26.5 %) and ashes (8.7 -
19.6 %) (Gonzalez-Araujo and Tepper 2003 and Gomez
2003).

In a nutritional study of Rendon et al. (2013) ruminal
degradability from 29.7 to 66.8%, on a dry basis was

Para evaluar diferentes niveles de ensilaje integral de camote,
como fuente energética para bovinos en crecimiento, se estudiaron
cuatro niveles de sustitucion del grano de maiz molido por ensilaje
sobre base seca (0, 33, 75 y 100 %) en raciones iso-energéticas
(10.8 MJ EM kg'!, materia seca) e iso-proteicas (12.1 % proteina
bruta, base seca). Se utilizé un disefio completamente al azar, con
arreglo factorial (4 x 2) y cuatro animales por tratamiento. No hubo
efecto de la sustitucion en la ganancia de peso vivo: 1.467, 1.351,
1.430 y 1.345 kg animal d! para 0, 33, 75 y 100 % de sustitucion
(P > 0.05). El consumo de materia seca disminuy6 de 2.70 a 2.28
kg de MS/100 kg de peso vivod' al aumentar el nivel de sustitucion
de 0 a 100 %. Esto afectd el consumo de proteina bruta y energia
metabolizable. La digestibilidad aparente de la materia seca
disminuy6 con la sustitucion (P < 0.0127; 74.92, 69.83, 70.67 y
70.36 %), lo que redujo el consumo de energia metabolizable (30.46
a24.39 MJ/100 kg de peso vivo d!). El nivel de sustitucion no afectd
la conversion alimentaria (P > 0.05; 5.74 kg MS/kg de aumento de
peso vivo), pero disminuy? linealmente el costo de alimentacion. Se
concluye que el ensilaje integral de camote no afect6 la ganancia de
peso vivo y conversion alimentaria, y disminuy6 hasta en 46.0 % el
costo de alimentacion, al sustituir 100 % del grano de maiz molido.

Palabras clave: Ensilaje de camote, nivel de sustitucion, grano de
maiz, ganancia de peso, costo de alimentacion

En general, los concentrados para bovinos y
otras especies comerciales incluyen maiz y otros
recursos tradicionales como fuentes energéticas, cuya
disponibilidad y precios comprometen su uso en
muchos paises, ya que requieren de su importacion.
Esta condicionante ha despertado el interés en fuentes
alternas no tradicionales. El camote o boniato (lpomoea
batatas) parece ser una alternativa, ya que es un cultivo
que se adapta a una gran variedad de condiciones
edafoclimaticas tropicales, lo que le permite varios ciclos
de produccion al afio (Gomez 2003). El tubérculo de este
cultivo se caracteriza por ser un recurso alimentario de
alto rendimiento y valor energético. Posee alto contenido
de almidon en base seca (71.5 %) y azlcares (5.1 -
14.0 %), pero es bajo en fibra cruda (2.2 — 5.4 %) y proteina
bruta (4.9 %). En cambio, el follaje es alto en PB (18.6
- 22.8 %), fibra cruda (19.2 — 26.5 %) y cenizas (8.7 —
19.6 %) (Gonzalez-Araujo y Tepper 2003 y Gémez 2003).

En un estudio nutricional de Rendon et al. (2013) se
inform¢ degradabilidad ruminal de 29.7 a 66.8 %, en
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reported, for the integral sweet potato silage (tuber
and foliage), when incubated between 6 and 72 h,
very similar values to that of maize silage. /n vitro
digestibility figures of 92.0 % for tuber and 62.0 and
72.0 % for foliage were recorded (Backer ef al. 1980
and Ruiz et al. 1981). It was also recognized that
integral sweet potato silage has (Sanchez 1996 and
Quezada 2001) adequate organoleptic and fermentative
characteristics. However, more information is needed
on its use in ruminants.

In accordance with the need to find maize substitutes
and other import energy sources, and when knowing the
agronomic and nutritional characteristics of the sweet
potato, this study intends to evaluate different levels
of integral sweet potato silage as an energy source to
substitute the maize grain in rations for growing cattle.

Materials and Methods

Study location. The study was carried out at the
Centro de Ensefianza e Investigaciones Agropecuarias
de Chiriqui (CEIACHI), Facultad de Ciencias
Agropecuarias, Universidad de Panama, located at
8 ©22'14 " north latitude and 82 °21'44 " west longitude,
at 25 m o.s.], in the tropical climate zone of savanna,
with annual average temperature of 27.4 °C, rainfall of
2545 mm and relative humidity of 75 %.

Sweet potato production. The CIP-14 sweet potato
variety was used, with the production technology
recommended by the Instituto de Investigacion
Agropecuaria de Panama, IDIAP (Ruiz et al. 2009)
and sowing density of 33,000 plants ha!. The plot
was harvested at 135 d after sowing. First the foliage
was manually harvested and then, the tuber was
extracted with a furrow opener. To measure the biomass
yield and the tuber-foliage ratio of the crop, random
sampling (33) was performed using the sampling frame
technique. The tuber and foliage of each sample was
weighed. A separate sample from both fractions was
taken and then a composite sample of each fraction
was made. From each, a sample was taken to determine
the dry matter content in a forced air oven at 65 °C
for 48 hours. The ensiling material was left in the
field for a period of 36 to 48 h for a solar pre-drying
of the foliage. Later, both fractions were collected
and chopped simultaneously with a maize harvester,
with the purpose of constituting an integral material
(tuber + foliage), with an average particle size of 2.0 -
3.0 cm for foliage and 1.0 cm for the tuber. The silo-
press technique was used, which consists of pressing the
chopped material into a plastic bag with a mechanical
compactor coupled to a tractor. The silo was opened
at 70 d after its manufacture.

Design and experimental procedure. In a
completely random experimental design and factorial
arrangement (4 x 2), four substitution levels of ground
maize grain by integral sweet potato silage (SL):
0.0, 33.0, 75.0 and 100.0 % (T0, T33, T75 and T100,
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base seca, para el ensilaje integral de camote (tubérculo y
follaje), al incubarlo entre 6 y 72 h, valores muy similares
al ensilaje de maiz. Se registraron cifras de digestibilidad
in vitro de 92.0 % para el tubérculo y 62.0 'y 72.0 % para
el follaje (Backer et al. 1980 y Ruiz ef al. 1981). Se
reconoci6 ademas, que el ensilaje integral de camote posee
(Sanchez 1996 y Quezada 2001) adecuadas caracteristicas
organolépticas y fermentativas. Sin embargo, se requiere
mas informacion sobre su utilizacion en rumiantes.
Ante la necesidad de encontrar sustitutos del maiz y
otras fuentes energéticas de importacion, y al conocer las
caracteristicas agrondmicas y nutricionales del camote,
este estudio pretende evaluar diferentes niveles de ensilaje
integral de camote, como fuente energética para sustituir
el grano de maiz en raciones para bovinos en crecimiento.

Materiales y Métodos

Localizacion del trabajo. El trabajo se realiz6 en el
Centro de Ensefianza e Investigaciones Agropecuarias
de Chiriqui (CEIACHI), Facultad de Ciencias
Agropecuarias, Universidad de Panama, localizado a
los 8°22°14” de latitud norte y 82°21°44” longitud oeste,
a 25 msnm, en la zona climatica tropical de sabana, con
promedio anual de temperatura de 27.4 °C, precipitacion
pluvial de 2545 mm y humedad relativa de 75 %.

Produccion del camote. Se utilizé la variedad
de camote CIP-14, con la tecnologia de produccion
recomendada por el Instituto de Investigacion
Agropecuaria de Panama, IDIAP (Ruiz et al. 2009) y
densidad de siembra de 33.000 plantas ha'!. La parcela
se cosecho a los 135 d después de la siembra. Primero
el follaje se cosecho manualmente, y luego el tubérculo
se extrajo con un surcador. Para medir el rendimiento
de biomasa y la proporcion tubérculo-follaje del cultivo,
se realizaron muestreos al azar (33) con la técnica del
marco muestreal. El tubérculo y follaje de cada muestreo
se pesaron individualmente. Se tom6 una muestra
separada de ambas fracciones, y luego se elabor6 una
muestra compuesta de cada fraccion. De cada una se
tomo una muestra para la determinacion del contenido
de materia seca en una estufa de aire forzado a 65 °C,
durante 48 h.

El material para ensilar se dejé en campo por un
periodo de 36 a 48 h para un pre-secado solar del follaje.
Posteriormente, ambas fracciones se recogieron y
picaron simultdneamente con una segadora de maiz, con
el propdsito de constituir un material integral (tubérculo
+ follaje), con tamafio promedio de particula de 2.0 —
3.0 cm para el follaje y 1.0 cm para el tubérculo. Se
empled la técnica de silo-prensa, que consiste en
introducir a presion el material picado en una bolsa
plastica con compactadora mecanica acoplada a un tractor.
El silo se abri6 a los 70 d después de su confeccion.

Diserio y procedimiento experimental. En un disefio
experimental completamente al azar y arreglo factorial
(4 x 2), se estudiaron cuatro niveles de sustitucion del
grano de maiz molido por ensilaje integral de camote



Cuban Journal of Agricultural Science, Volume 51, Number 1, 2017.

respectively) on dry basis, and two experimental periods
(EP): 1 and 2, as a consequence of possible changes in
the animal response were studied. The study started in the
dry season and ended in the rainy season. The evaluated
diets were iso-energetic (10.8 MJ ME/kg of DM) and iso-
protein (12.1 % of CP). The neutral detergent fiber (NDF)
content of the diets was between 33.1 and 38.2 % on a dry
basis. The diets were formulated with ground maize (Zea
mayz), chopped swazi hay (Digitaria swazilandensis),
soybean meal (Glicine max), African palm coquito meal
(Elaeis guineensis), urea and mineral salt (table 1), for
which a ME content of 3.2, 1.8 was considered (NRC
1996), 2.8 (NRC 1984), 2.9 (Vargas and Zumbado 2003),
0.0 and 0.0 MJ / kg DM, respectively. Based on the
chemical composition, was given to the integral sweet
potato silage a ME value similar to that of maize silage
(10.4 MJ/kg DM), and based on the contribution the maize
grain was replaced by integral sweet potato silage. In order
to achieve the iso-energetic and iso-protein condition,
the maize kernel and swazi hay were gradually replaced
by integral sweet potato silage and coquito cake, and the
urea level in the diets was increased. For each SL, a dry
supplement was prepared with ground maize, soybean
cake, coquito cake, mineral salt and urea, according to
the composition showed in table 1. This supplement was
mixed in the feeder with hay and/or silage to constitute
a ration that was offered to the animal, at a rate of
2.6 kg DM/100 kg live weight/d, in equal parts, twice
a day (8:00 a.m. and 2:00 p.m.). In addition, 5 mg/d
of sodium lasalocid was supplied to each animalin the
morning ration and water ad libitud.

Male Brahaman and Simbra animals were
used, with weight and average initial age of 257.6

Table 1. Experimental diets, dry basis
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(NE): 0.0, 33.0, 75.0 y 100.0 % (TO, T33, T75 y
T100; respectivamente) en base seca, y dos periodos
experimentales (PER): 1 y 2, como consecuencia de
posibles cambios en la respuesta animal. El trabajo se
inicid en la época seca y terminé en la lluviosa. Las
dietas evaluadas fueron iso-energéticas (10.8 MJ EM/kg
de MS) e iso-proteicas (12.1% de PB). El contenido de
fibra detergente neutro (FDN) de las dietas estuvo entre
33.1 y 38.2 % enbase seca. Las dietas se formularon
con grano de maiz molido (Zea mayz), heno picado
de swazi (Digitaria swazilandensis), harina de soya
(Glicine max), harina de coquito de palma africana
(Elaeis guineensis), urea 'y sal mineral (tabla 1), para lo
que se consideré un contenido de EM de 3.2, 1.8 (NRC
1996), 2.8 (NRC 1984), 2.9 (Vargas y Zumbado 2003),
0.0 y 0.0 MJ/kg MS, respectivamente. Sobre la base de
la composicion quimica, se le dio al ensilaje integral de
camote un valor de EM similar al del ensilaje de maiz
(10.4 MJ/Kg MS), y sobre la base del aporte se sustituyd
el grano de maiz por ensilaje integral de camote. Para
lograr la condicidn iso-energética e iso-proteica, se
sustituyd gradualmente el grano de maiz y heno de swazi
por ensilaje integral de camote y torta de coquito, y se
increment6 el nivel de urea en las dietas. Para cada NE
se preparo un suplemento seco con maiz molido, torta de
soya, torta de coquito, sal mineral y urea, de acuerdo con
la composicion establecida en el tabla 1. Este suplemento
se mezclo en el comedero con el heno y/o ensilaje para
constituir una racidon que se le ofreci6 al animal, a razén
de 2.6 kg MS/100 kg de peso vivo/d, en partes iguales,
dos veces al dia (8:00 am y 2:00 pm). Ademas, cada
animal recibid 5 mg/d de lasal6cido sodico en la racion
de la mafiana y agua a libre consumo.

Ingredients Diet composition /substitution level , % dry basis
TO T33 T75 T100
Ground maize 55.0 36.7 12.3 0.0
Swazi hay 33.7 27.6 9.3 34
Soybean cake 10.0 10.0 10.0 10.0
Integral sweet potato silage 0.0 19.2 59.8 72.8
Coquito cake 0.0 5.0 7.0 12.0
Mineral salt 0.5 0.5 0.5 0.5
Urea 0.8 1.0 1.1 1.3
Total 100.0 100.0 100.0 100.0
Bromatological composition of the diet , dry basis
CP, % 12.0 12.0 12.1 12.2
ME, MJ - kg'! 11.1 11.0 10.7 10.7
NDF, % 323 37.1 39.1 41.6

(£ 17.18) kg and 17.0 months of age. Four animals
(AN) were randomized by treatment. In order to
define the incorporation of each animal into the
study, its parasitic and anemic state was registered,

Se utilizaron animales machos Brahaman y Simbra,
con peso y edad inicial promedio de 257.6 (+ 17.18)
kg y 17.0 meses de edad. Se distribuyeron al azar
cuatro animales (AN) por tratamiento. Para definir la
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for which the McMaster technique (Lapage 1956)
was used. The Wiener Lab colorimetric method of
cyanometa-hemoglobin was used to know the values
of hemoglobin in blood. Also, a vitamin complex at
the rate of 2 mL per 100 kg live weight (Vitamin A;
3,000,000 1U, Vitamin D2; 1,000,000 1U; Vitamin
E; 1,000,000 TU mL") was applied and they were
wormed with Ivermectin (1.0 mL 50 kg™ live weight).
The animals were individually allocated in covered
pens of 7.0 m?, with cement floor. The study lasted
78 d, with the inclusion of an initial adaptation period
of 18 d and two experimental periods (EP) of 30 d
each. The food intake and in vivo digestibility of diets
were determined in the last seven days of each of these
stages. The in vivo digestibility was determined by
the indigestible acid detergent fiber (IADF) method
as an internal marker (Cochran ef al. 1986), with a 12
d rumen incubation period (Nousiainen ef al. 2004).
Daily, the quantity offered and the rejection of each
of the ration components (7:00 am) were measured.
A sample of each of these was taken for laboratory
analysis. For feces sampling, each pen was washed
at 7:00 and 1:00 p.m., and each animal was subjected
to supervision until it was defecated. Later, samples
were taken to avoid contamination with urine and
food. Each day two samples were taken for seven
consecutive days, one in the morning and one in the
afternoon. Samples of the dried ration components
were stored at room temperature and those from the
silage offered, rejection material and feces at -30°C.
Subsequently, composite samples of each ingredient of
the ration (supplement, hay and silage) were prepared.
With the supplement and hay, a sample composed of
SL and experimental period was formed, while with
the silage offered and feces composite samples were
prepared on fresh basis per animal and experimental
period and were dried at 65 °C for 48 hours.

Samples of the rejected food were defrosted, dried
at 65°C for 48 hours and ground to prepare a sample
composed of animal and experimental period. The
dry samples were ground to 1.0 mm particle size
and residual DM (105 °C), CP (AOAC2016), NDF,
ADF and IADF (Goering and van Soest 1970) were
determined. To the fresh sweet potato silage was also
determined the pH by extraction in distilled water and
measurement in a (Tanabe 2000) potentiometer. The
apparent digestibility of DM (ADDM) was calculated
using the formula described by Lascano et al.
(1990):

ADDM (%) = (1 - CMF/CMH) x 100, where:

CFM is the concentration in the food marker (%)

CMFis the concentration of the marker in the feces
(%) on dry basis

The animals were weighed individually at the
beginning and end of each period, at 8:00 a.m., in fasting,
using a digital balance.

Evaluation parameters. There were evaluated the
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incorporacion de cada animal al estudio, se registro
su estado parasitario y anémico. Para saber el estado
parasitario, se utilizo la técnica de McMaster (Lapage
1956). Para conocer los valores de hemoglobina en sangre
se aplico el método colorimétrico de Wiener Lab de la
cianometa-hemoglobina. Ademas, se aplicd un complejo
vitaminico a razén de 2 mL por cada 100 kg de peso vivo
(Vitamina A; 3,000.000 U.I., Vitamina D2; 1,000.000 U.IL.,
Vitamina E; 1,000.000 U.I. mL™") y se desparasitaron con
Ivermectina (1.0 mL 50 kg!' de peso vivo). Los animales
se confinaron individualmente en corrales techados de
7.0m?, con piso de cemento. El estudio tuvouna duracion de
78 d, con la inclusion de un periodo inicial de adaptacion
de 18 dy dos periodos experimentales (PER), de 30 d cada
uno. Elconsumo de alimento y la digestibilidad in vivo de
las dietas se determino en los tlltimos siete dias de cada una
de estas estapas. La digestibilidad in vivo se determin6 con
el método de la fibra detergente 4cido (FDA) indigestible
(FDAI) como marcador interno (Cochran et al. 1986), con
un periodo de incubacion en el rumen de 12 d (Nousiainen
et al. 2004). Diariamente, se midi6 la cantidad ofrecida y
el rechazo de cada uno de los componentes de la racion
(7:00 am) y se tom6 una muestra de cada uno de estos
para analisis de laboratorio. Para el muestreo de heces, cada
corral se lavo a las 7:00 am y 1:00 pm y se someti6 cada
animal a supervision hasta que defecod. Inmediatamente
después, se tomaron muestras para evitar su contaminacion
con orina y alimento. Cada dia se tomaron dos muestras
durante siete dias consecutivos, una en la mafiana y otra
en la tarde. Las muestras de los componentes secos de
la racion se guardaron a temperatura ambiente y las del
ensilaje ofrecido, material de rechazo y heces, a -30 °C.
Posteriormente, se prepararon muestras compuestas de cada
ingrediente de la racion (suplemento, heno y ensilaje). Con
el suplemento y heno, se conform6 una muestra compuesta
por NE y periodo experimental, mientras que con el ensilaje
ofrecido y las heces se prepararon muestras compuestas en
base fresca por animal y periodo experimental y se secaron
a 65 °C durante 48 h.

Las muestras del alimento rechazado se descongelaron,
se secaron a 65 °C durante 48 h y se molieron para
preparar una muestra compuesta por animal y periodo
experimental. Las muestras en estado seco se molieron
hasta alcanzar tamafio de particula de 1.0 mm y se les
determind MS residual (105°C), PB (Latimer 2016),
FDN, FDA y FDAI (Goering y van Soest 1970).
Al ensilaje integral de camote fresco también se le
determin6 el pH por extraccion en agua destilada y
mediciéon en un potencidometro (Tanabe 2000). La
digestibilidad aparente de la MS (DAMS) se calculd
mediante la férmula descrita por Lascano et al. (1990):

DAMS (%) = (1 - CMF/CMH) x 100, donde:

CMF es la concentracion del marcador en el alimento (%)

CMH es la concentracion del marcador en las heces
(%) en base seca

Los animales se pesaron al inicio y final de cada
periodo de forma individual, a las 8:00 am, en ayuna,
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productive and economic parameters of live weight
gain (LWG), DM intake (DMI), CP intake (CPI),
apparent digestibility of DM (ADDM), digestible
nutrients intake [DNI=DMI (ADDM)/100), digestible
energy intake (DEI = 4.409DNI), metabolizable
energy intake (MEI = 0.82DEI), feed conversion
efficiency of DM (FCE), conversion efficiency of CP
(CECP), conversion efficiency of the metabolizable
energy (CEME) and feeding cost (FC), in US dollars
($).-The ME concentration of the integral sweet potato
silage was obtained by the difference between the MEI
and the contribution of the maize grain, soybean cake,
coquito cake and swazi hay to this intake and by the
division of the difference by the DMC of the silage.

For the estimation of the FC, the DMI was used.
The production cost of the integral sweet potato silage
was determined and local market prices were used for
the other ration ingredients (0.504, 0.520, 0.250, 0.710,
0.420, 0.060 and 4.00 $ kg' DM for ground maize,
soybean cake, coquito cake, mineralized salt, urea, Swazi
hay and sodium lasalocid, respectively). The production
cost of the integral sweet potato silage was obtained
based on input records, agronomic biomass yields and
estimation of the useful silage (visually fit silage for
intake) offered to the animal.

Statistical analysis. Each independent variable
was subjected to previous normality analysis using
the Shapiro-Wilk test (Loépez et al. 2000) and
subsequently to a covariance analysis with the initial
live weight corresponding to each experimental period
as covariate. When there were differences (P <0.050),
Tukey's mean comparison test was used (Steel and
Torrie 1980).

Results and Discussion

The agronomic yield of tuber, foliage and whole
material (tuber-foliage) of sweet potato was 32.5, 27.5
and 60.0 t fresh / ha, with a DM content of 31.3, 14.5
and 25.7 %, respectively. The latter increased after
pre-drying to 33.0, 32.2 and 32.6 %, respectively. For
a good silage, Demanet (2011) recommends a DM
content of the material to be ensiled between 28.0 and
35.0 %, since at a higher level of 25.0 %, the effluent
loss is reduced. The integral sweet potato silage had
a pH of 3.67 (+ 0.205), light chocolate and adequate
DM content (34.98 %), but low CP content (4.8 %, dry
basis), despite the tuber / foliage ratio of the harvested
material was 2.0/1.0, on a dry basis, and usually the CP
content of these components is approximately to 4.9
(Goémez 2003) and 12.0% (Backer 1976) on dry basis,
respectively. However, leaves loss of foliage during
pre-drying was observed in this study. It is known that
losses of N and other nutrients occur in the fermentation
process, besides silage effluents (Reyes et al. 2009 and
Guerrero-Lopez 2013). With the use of the micro silage
technique, Alvarado-Villalobos (2015) reported a mean
pH of 4.0 and CP of 8.3 % for integral sweet potato
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con balanza digital.

Parametros de evaluacion. Se evaluaron los parametros
productivos y econdmicos ganancia de peso vivo (GPV),
consumo de MS (CMS), consumo de PB (CPB),
digestibilidad aparente de la MS (DAMS), consumo
de nutrientes digeribles [CND=CMS(DAMS)/100],
consumo de energia digestible (CED =4.409CND),
consumo de energia metabolizable (CEM=0.82CED),
eficiencia de conversion alimentaria de la MS (ECA),
eficiencia de conversion de la PB (ECPB), eficiencia
de conversion de la energia metabolizable (ECEM) y
costo de alimentacion (CAL), en dolar USA ($). La
concentracion de EM del ensilaje integral de camote se
obtuvo por diferencia entre el CEM y el aporte del grano
de maiz, torta de soya, torta de coquito y heno de swazi
a este consumo y por la division de la diferencia por el
CMS del ensilaje.

Para la estimacion del CAL, se uso6 el CMS. Se
determind el costo de produccion del ensilaje integral de
camote y se utilizaron precios locales de mercado para los
otros ingredientes de la racion (0.504, 0.520, 0.250, 0.710,
0.420, 0.060 y 4.00 $ kg MS para maiz molido, torta de
soya, torta de coquito, sal mineralizada, urea, heno de
Swazi y lasalocido sddico, respectivamente). El costo de
produccion del ensilaje integral de camote se obtuvo sobre
la base de registros de gastos, rendimientos agronémicos de
biomasay estimacion del ensilaje ttil (ensilaje visualmente
apto para el consumo) ofrecido al animal.

Analisis estadistico. Cada variable independiente
se sometid a analisis previo de normalidad mediante
la prueba de Shapiro-Wilk (Loépez et al. 2000) y
posteriormente, a un analisis de covarianza con el peso
vivo inicial correspondiente a cada periodo experimental
como covariable. Cuando hubo diferencias (P < 0.050),
se utilizo la docima de comparacion de medias de Tukey
(Steel y Torrie 1980).

Resultados y Discusion

El rendimiento agronémico del tubérculo, follaje y
material integral (tubérculo-follaje) del camote fue de
32.5,27.5 y 60.0 t fresca/ha, con un contenido de MS
de 31.3, 14.5 y 25.7 %, respectivamente. Este ultimo
se incrementd después del pre-secado a 33.0, 32.2 y
32.6 %, respectivamente. Para un buen ensilado, Demanet
(2011) recomienda un contenido de MS del material a
ensilar entre 28.0 y 35.0 %, ya que a nivel mayor de
25.0 % se reduce la pérdida por efluentes. El ensilaje
integral de camote presentd pH de 3.67 (£ 0.205), color
chocolate claro y contenido adecuado de MS (34.98
%), pero bajo contenido de PB (4.8 %, en base seca),
a pesar de que la relacion tubérculo/follaje del material
cosechado fue de 2.0/1.0, en base seca, y que usualmente
el contenido de PB de estos componentes es aproximado
a 4.9 (Gémez 2003) y 12.0 % (Backer 1976) en base
seca, respectivamente. Sin embargo, en este estudio se
observo pérdida de hojas del follaje durante el pre-secado.
Se conoce que ocurren pérdidas de N y otros nutrientes
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silage, with tuber / foliage ratios between 50:50 and
75:25 on dry basis.

The LWG was not affected by the interaction SL *
EP (P>0.769), SL (P> 0.451) and EP (P >0.762). The
obtained LWG (table 2) were similar to those reported
by other authors (Arelovich et a/.2012 and Vittone et al.
2015), with high maize grain rations.

The interaction SL * EP (P> 0.4234) and SL
(P> 0.1349) did not affect the DMI. However, this
showed a tendency to decrease when increasing the silage
level in the ration, due to the increase in the rejection
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en el proceso fermentativo, ademas de efluentes del
ensilado (Reyes et al. 2009 y Guerrero-Lopez 2013). Con
la utilizacion de la técnica de micro ensilaje, Alvarado-
Villalobos (2015) inform6 pH promedio de 4.0 y PC de
8.3 % para ensilajes de camote integral, con relaciones
tubérculo/follaje entre 50:50 y 75:25 en base seca.

La GPV no se afect6 por la interaccion NE*PER
(P>0.769), NE (P>0.451)y PER (P>0.762). Las GPV
obtenidas (tabla 2) fueron similares a las informadas
por otros autores (Arelovich et al. 2012 y Vittone et al.
2015), con raciones altas en grano de maiz.

Table 2. Live weight gain and dry matter intake

Substitution level of maize grain by integral sweet

Indicators potato silage, % dry basis SE
TO T33 T75 T100

Live weight gain, 1.467 1.351 1.430 1.345 0.127

kg animal! d-!

DM intake, kg/100 kg 2.70° 2.62° 2.60° 2.28° 0.263*

live weight! d!

abe Different letters indicate significance differences (P < 0.05)

*P>0.1349

of this forage. This rejection was constituted by the
foliage fraction, especially by the stem component. The
DMI of T100 was lower than the rest of the treatments
(table 2), which, on average, represented 13.2 %. The
EP affected the DMI (P <0.0001), with higher intake in
period 2 (2.45 and 2.64 kg DM/100 kg live weight/d
for the EP 1 and 2, respectively). Lopez et al. (2009)
showed that the silages can reduce the intake up to 30.0 -
40.0 %, which is related to the pH, organic acid
concentration and DM content of the ensiled forage. In
addition, in Morales (2013) studies it was confirmed that
the NDF content also exerts a negative effect on intake.
In this research, the NDF content of the rations increased
from 32.3 (TO) to 41.6 % (T100) (table 1).

To achieve iso-energetic diets, increasing levels of
coquito cake were included (table 1). From an average
fat content for coquito cake of 10.55 (8.0 and 13.1) %
on dry basis (Vargas and Zumbado 2003 and FEDNA
2015), fat intake was estimated at the DM intake of
0.0, 0.53, 0.73 and 1.27% for TO, T33, T75 and T100,
respectively, levels that were much lower than 4.0 -
5.0 % informed by Martinez et al. (2011), reported
without negative effects on ruminal digestion of fiber
and DMI. However, the African palm fruit and its
industrial by-products contain unsaturated fatty acids,
especially oleic (Vargas and Zumbado 2003), which
can decrease the NDF digestion (Hristov et al. 2005
and Martin et al. 2015). In this study, this unsaturated
fat could contribute to reduce the DMI, mainly in
treatments with higher levels of coquito cake.

Silage intake (kg/100 kg of live weight! d!)
was 0.00, 0.45, 1.48 and 1.52, which contributed
0.0, 17.2, 56.9 and 66.7 % to the DMI of TO, T33,
T75 and T100, respectively. The tuber intake of 0.00,

La interaccion NE*PER (P > 0.4234) y NE
(P>0.1349) no afect6 el CMS. Sin embargo, este presentd
tendencia a disminuir al incrementarse el nivel de ensilaje
en la racion, producto del aumento en el rechazo de este
forraje. Este rechazo estuvo constituido por la fraccion
follaje, en especial por el componente tallo. E1l CMS de
T100 fue menor con respecto al resto de los tratamientos
(tabla 2), diferencia que, como promedio, representd
13.2 %. E1 PER afecto el CMS (P <0.0001), con mayor
consumo en el periodo 2 (2.45 y 2.64 kg MS/100 kg de
peso vivo/d para el PER 1y 2, respectivamente). Lopez
et al. (2009) indicaron que los ensilajes pueden reducir
el consumo hasta 30.0 — 40.0 %, lo que guarda relacion
con el pH, concentracion de acidos organicos y contenido
de MS del forraje ensilado. Ademas, en estudios de
Morales (2013) se confirmé que el contenido de FDN
también ejerce efecto negativo en el consumo En esta
investigacion, el contenido de FDN de las raciones
aument6 de 32.3 (TO) hasta41.6 % (T100) (tabla 1).

Para lograr dietas iso-energéticas, se incluyeron
niveles crecientes de torta de coquito (tabla 1). A partir de
un contenido promedio de grasa para la torta de coquito
de 10.55 (8.0 y 13.1) % en base seca (Vargas y Zumbado
2003 y FEDNA 2015), se estim¢ aporte en grasa a la MS
consumida de 0.0, 0.53, 0.73 y 1.27 % para TO, T33,
T75 y T100, respectivamente, niveles que resultaron
muy inferiores al 4.0 — 5.0 % informado por Martinez et
al. (2011), sin efectos negativos en la digestion ruminal
de la fibra y CMS. Sin embargo, el fruto de la palma
africana y sus sub-productos industriales contienen
acidos grasos insaturados, en especial el oleico (Vargas
y Zumbado 2003), que pueden disminuir la digestion de
FDN (Hristov et al. 2005 y Martin et al. 2015). En este
estudio, la grasa insaturada pudo contribuir a reducir
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0.35,1.10 and 1.35 kg DM 100 kg live weight'/d"! for
TO, T33, T75 and T100, respectively was estimated
from the tuber / foliage ratio of the ensiled material
(2: 1 on dry basis). Considering an average starch
content of 71.5% for sweet potato tuber and 73.4% for
maize grain (FEDNA 2015), the main starch sources
of the rations, practically the same intake of starch
was obtained between treatments (0.95, 0.87, 1.02 and
0.97 kg 100 kg live weight!'/d"! for TO, T33, T75 and
T100, respectively).

The CPI was affected by SL * EP (P <0.029), with
a tendency to decrease as the silage level increased
in the ration (table 3). This effect could be due to
a similar DMI performance(table 2) and their CP
content (12.65, 12.15, 11.55 and 11.45 % for TO,
T33, T75 and T100, respectively), as well as the
difference in CP content of the silage offered between
experimental periods (4.2 and 5.5 % on dry basis, for
the first and second period, respectively).

Certain environmental factors could also influence
on this effect, since the period of the study involved
part of the dry and rainy period. This CP difference
in the offered silage could be due to differences in the
leaves ratio. The CPI were higher than recommended
by NRC (1996) (0.265/100 kg live weight/d!) for
animals of similar live weight and weight gain.
Metabolically, the removal of excess nitrogen
represents energy input for the animal (Di Marco
2006). However, the LWG was not affected by SL,
despite differences in CPI and non-protein nitrogen
(NPN) levels from urea, which increased from 17.3
(TO) to 28.1 % (T100) of ingested N. This situation
could imply differences in the by-pass protein and the
synthesis of microbial protein.

For the ADDM, the SL* EP interaction was not
significant (P > 0.560), contrary to the effects of SL
(P <0.012) and EP (P <0.001). TO showed higher
ADDM than treatments with silage (P < 0.050 (table
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el CMS, principalmente en los tratamientos con los
mayores niveles de torta de coquito.

El consumo de ensilaje (kg/100 kg de peso
vivo! d) fue de 0.00, 0.45, 1.48 y 1.52, que aportd
0.0, 17.2, 56.9 y 66.7 % al CMS del TO, T33, T75
y T100, respectivamente. A partir de la relacion
tubérculo/follaje del material ensilado (2:1 en base seca),
se estimo el consumo de tubérculo de 0.00, 0.35,1.10 y
1.35 kg MS 100 kg de peso vivo!/d! para TO, T33, T75
y T100, respectivamente. Al considerar un contenido
promedio de almidon de 71.5 % para el tubérculo de
camote y 73.4 % para el grano de maiz (FEDNA 2015),
principales fuentes de almidon de las raciones, se obtuvo
practicamente el mismo consumo de almidon entre
tratamientos (0.95, 0.87, 1.02 y 0.97 kg 100 kg de peso
vivo!/d! para TO, T33, T75 y T100, respectivamente).

El CPB se afectdo por NE*PER (P < 0.029), con
tendencia a disminuir a medida que aumento el nivel de
ensilaje en laracion (tabla 3), efecto que se pudo deber aun
comportamiento similar del CMS (tabla 2) y su contenido
de PB (12.65, 12.15, 11.55 y 11.45 % para TO, T33, T75
y T100, respectivamente), asi como a la diferencia en
el contenido de PB del ensilaje ofrecido entre periodos
experimentales (4.2 y 5.5 % en base seca, para el primer
y segundo periodo, respectivamente). También pudieron
influir en este efecto determinados factores ambientales, ya
que el periodo de realizacion del estudio involucré parte del
periodo secoy lluvioso. Esta diferencia de PB en el ensilaje
ofrecido se pudo deber a diferencias en la proporcion hojas.
Los CPB fueron superiores a lo recomendado por la
NRC (1996) (0.265/100 kg de peso vivo/d') para animales
de similar peso vivo y ganancia de peso. Metabdlicamente,
la eliminacion del exceso de nitrogeno representa gasto
energético para el animal (Di Marco 2006). Sin embargo,
la GPV no se afect6 por NE, a pesar de las diferencias en
CPB y nivel de nitrégeno no proteico (NNP) aportado por
la urea, que aument6 de 17.3 (T0) a 28.1 % (T100) del
N ingerido. Esta situacion pudo implicar diferencias en la

Table 3. Crude protein intake kg 100 kg live weight -'d-!

Substitution level of maize grain by integral sweet

potato silage, % dry basis SE+
TO T33 T75 T100

EP1 0.34< (0.32b< 0.29%® 0.28° 0.01*
EP2 0.35¢ 0.33¢ 0.33¢ 0.312b¢

abed Different letters indicate significance differences (P < 0.05)

*P<0.029.

4), which is attributed to lower ADF content in the DM
intake, fraction related to digestibility, of the lignin
component mainly (Bach and Calsamiglia 2006 and
Anzola 2007 ). The rations showed ADF contents
of 16.8, 18.1, 18.0 and 19.5 % for TO, T33, T75 and
T100, respectively. TO showed ADDM very similar to
that reported by Arelovich ef al. (2012), with rations
based on ground maize grain and grass and alfalfa hay.

proteina sobrepasante y la sintesis de proteina microbiana.

Para la DAMS, la interaccion NE*PER no resulto
significativa (P > 0.560), contrario a los efectos de NE
(P <0.012) y PER (P < 0.001). TO presentd6 mayor
DAMS que los tratamientos con ensilaje ( P < 0.050
(tabla 4), lo que se atribuye a menor contenido de
FDA en la MS consumida, fraccion relacionada con la
digestibilidad, principalmente del componente lignina
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The ADDM resulted with values of 73.17 and 69.72%
for the experimental period 1 and 2, which is related
to the ADF content in the DM intake, which was 16.7
and 19.9 %, respectively.

The values obtained for the DNI and DEI are
showed in table 4. These decreased as the substitution
of maize by integral sweet potato silage increased,
regardless of the EP. The MEI was not affected by
SL* EP (P > 0.760) and EP (P > 0.650), whereas
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(Bach y Calsamiglia 2006 y Anzola 2007). Las raciones
presentaron contenido de FDA de 16.8,18.1,18.0y 19.5 %
paraTO, T33, T75 y T100, respectivamente. TO presento
DAMS muy similar a la informada por Arelovich et al.
(2012), con raciones basadas en grano de maiz molido
y henos de graminea y alfalfa. La DAMS resulté con
valores de 73.17 y 69.72 % para el periodo experimental
1y 2, lo que se relaciona con el contenido FDA en la MS
consumida, que fue de 16.7 y 19.9 %, respectivamente.

Table 4.Apparent digestibility of the dry matter, digestible nutrients intake and energy

parameters per treatment

Parameters Substitution level of the maize grain by integral

sweet potato silage , % dry basis SE+

TO T33 T75 T100

Apparent digestibility 74.92? 69.83° 70.67° 70.36° 5.06
of the dry matter , %
Digestible nutrients intake, 2.022 1.83% 1.76° 1.62¢ 0.23
kg/100 kg live weight /d
Digestible energy intake, 37.20° 33.68° 32.47° 29.75¢ 0.86
MJ/100 kg live weight /d
Metabolizable energy intake, 30.50* 27.61° 26.62° 24.40¢ 4.11
MJ/100 kg live weight /d
ME concentration in the intake 11.28 10.52 10.27 10.69 0.49
DM, MJ - kg

abe Different letters indicate significance differences (P < 0.050)

with SL decreased (P < 0.090). With respect to TO,
the MEI of T33, T75 and T100 decreased 9.5, 11.7
and 19.9 %, respectively, result of lower DMI and
ADDM, but this was not reflected in the LWG.
With TO, the LWG corresponded to its MEI, but not
in silage treatments, which achieved LWG higher
than those corresponding to its MEI (NRC 1996),
especially T100. An explanation of these results can
be substantiated in the reports of Li et al. (2014),
who found that the silage process decreased the
ruminal degradability of DM and starch of sweet
potato and potato tubers (Solanum tuberosum).
They can also be explained by the Quezada results
(2001), who obtained low ruminal degradability
for DM of the ensiled sweet potato tuber, 43.4 and
66.8 % at 24 and 72 h of incubation, respectively. On
the other hand, rumen degradability of 80 to 90 % has
been reported for the dry matter and starch of ground
maize grain (Alomar and Pulido 2001, Mencho6n 2004
and Calsamiglia 2014).

From these results, it can be inferred that in this
study much of the starch of the intake tuber could
reach the small intestine, where it was absorbed as
glucose, which improved its energy use. With direct
infusions of starch in the rumen and abomasum,
McLeod et al. (2006) obtained higher partial
efficiency of starch use abomasum way. Owens ef al.
(1986) estimated a 42 % increase in the efficiency
of intestinal starch use with respect to its use in the

Los valores obtenidos para el CND y CED se presentan
en la tabla 4. Estos disminuyeron a medida que aumento
la sustitucion del maiz por ensilaje integral de camote,
independientemente del PER. El CEM no resultd
afectado por NE*PER (P> 0.760) y PER (P > 0.650), en
cambio con NE disminuyé (P < 0.090). Con respecto a
TO, el CEM de T33, T75 y T100 disminuy¢ 9.5, 11.7
y 19.9 %, respectivamente, producto de menores CMS
y DAMS, pero esto no se reflejo en la GPV. Con TO, la
GPV correspondi6 con su CEM, no asi en los tratamientos
con ensilaje, que lograron GPV mayores a las que
corresponden a sus CEM (NRC 1996), en especial T100.
Una explicacion de estos resultados se puede sustentar
en el informe de Li ef al. (2014), quienes encontraron
que el proceso de ensilaje disminuy6 la degradabilidad
ruminal de la MS y almidén de tubérculos de camote y
papa (Solanum tuberosum). También se pueden explicar
por los resultados de Quezada (2001), quien obtuvo bajas
degradabilidades ruminales para la MS del tubérculo
de camote ensilado, 43.4 y 66.8 % a las 24 y 72 h de
incubacion, respectivamente. En cambio, para la materia
secay almidon del grano de maiz molido se han informado
degradabilidades ruminales de 80 a 90 % (Alomar y
Pulido 2001, Menchén 2004 y Calsamiglia 2014).

A partir de estos resultados, se puede inferir que en este
estudio gran parte del almidon del tubérculo consumido
pudo llegar al intestino delgado, donde se absorbié como
glucosa, lo que mejord su utilizacion energética. Con
infusiones directas de almidon en el rumen y abomaso,
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rumen, since glucose has a higher efficiency of use
at tissue level than ruminant fatty acids (Relling and
Mattioli 2003). In the case of rations with sweet potato
tubers, a low level of ruminal degradability of starch
may not affect microbial activity, since starch has
relatively high sugar content (7.50 %, FEDNA 2015)
of easy use by microorganisms.

The concentration of ME in the dry matter intake
(table 3) showed values similar to those formulated for
the respective diets [10.69 (£ 0.372) MJ/kg of DM],
which show that the ADDM allowed good estimation
of the ME parameters. Based on the results of T33
and T75, which showed low food rejection (2.80 and
6.50 %, respectively), a value for the ME of the integral
sweet potato silage of 10.40 MJ/kg DM was estimated,
which is very similar to that reported for silage of good
nutritional quality, such as maize, with 10.62 (= 0.197)
MJ/kg DM (NRC 1996).

The FCE was only affected by the EP (P <0.010),
with a lower conversion in the second period (5.22 and
6.26 kg DM intake/kg live weight increase), product of
higher DMI.

The average FCE was 5.74 kg DM intake/kg live
weight increase, which corresponds to the values
reported by Arelovich et al. (2012) in diets based on
maize grain. The CECP and CEME resulted in average
values of 0.732 kg and 15.13 MJ/kg of live weight
increase, respectively.

The production cost of the silage useful for the
animal was $ 0.052 / kg fresh ($ 0.159/kg DM, $: US
dollar) and the market price of the ground maize grain
was $ 0.540/kg fresh (0.614/kg DM). The feeding
cost FC was affected by SL (P <0.0001) and EP
(P <0.0001), but not by SL * EP (P > 0.450).The SL
linearly affected the FC (figure 1). When comparing
TO with the rations based on integral sweet potato
silage, there was a decrease of 15.1, 34.4 and
46.0 % in the FC for T33, T75 and T100, respectively.
Based on live weight gain, feeding cost decreased as
SL increased, with values of $ 2.08, 1.92, 1.40 and
1.23/kg of weight increase for TO, T33, T75 and T100,
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McLeod et al. (2006) obtuvieron mayor eficiencia parcial
de utilizacion del almidon via abomaso. Owens et al.
(1986) estimaron en 42 % el aumento en la eficiencia de
utilizacion del almidon a nivel intestinal con respecto a
su utilizacion en el rumen, ya que la glucosa tiene mayor
eficiencia de utilizacion a nivel tisular que los acidos
grasos ruminales (Relling y Mattioli 2003). En el caso
de raciones con tubérculos de camote, puede ser que
un nivel bajo de degradabilidad ruminal del almidén no
afecte la actividad microbiana, ya que el almidon presenta
contenido relativamente alto de azucares (7.50 %, FEDNA
2015) de facil utilizacion por los microorganismos.

La concentracion de EM en la materia seca consumida
(tabla 3) presento valores similares a los formulados para
las respectivas dietas [10.69 (£ 0.372) MJ/kg de MS], lo
que indica que la DAMS permitié buena estimacion de
los parametros de EM. Sobre la base de los resultados
de T33 y T75, que presentaron bajo rechazo de alimento
(2.80y 6.50 %, respectivamente), se estimo un valor para
la EM del ensilaje integral de camote de 10.40 MJ/kg MS,
que es muy similar al informado para ensilajes de buena
calidad nutritiva, como el del maiz, con 10.62 (£ 0.197)
MJ/kg MS (NRC 1996).

La ECA solo result6 afectada por el PER (P <0.010),
con menor conversion en el segundo periodo (5.22 y
6.26 kg MS consumida/kg de aumento de peso vivo),
producto de mayor CMS. La ECA promedio fue 5.74 kg
MS consumida/kg de aumento de peso vivo, lo que se
corresponde con los valores informados por Arelovich et
al. (2012) en dietas basadas en grano de maiz. La ECPB
y ECEM resultaron con valores promedios de 0.732 kgy
15.13 MJ/kg de aumento de peso vivo, respectivamente.

El costo de produccion del ensilaje util para el
animal fue de $0.052/kg fresco ($0.159/kg MS, $:
dolar americano) y el precio de mercado del grano de
maiz molido fue de $0.540/kg fresco (0.614/kg MS).
El costo de alimentacion CAL resulto afectado por NE
(P <0.0001) y PER (P < 0.0001), no asi por NE¥*PER
(P > 0.450). El NE afect6 linealmente el CAL (figura
1). Al comparar TO con las raciones basadas en ensilaje
integral de camote, se observo disminucionde 15.1,34.4y
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Figure 1. Effect of the substitution of maize by integral sweet potato silage on feeding cost
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respectively.

Itis concluded that the integral sweet potato silage did
not affect the live weight gain nor feed conversion, which
nutritionally makes viable its use in the substitution of
maize grain in diets for growing cattle. To maximize the
economic response, it is recommended a substitution
level of 100 % of the maize grain by integral sweet
potato silage.
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46.0 % enel CAL paraT33,T75y T100, respectivamente.
Sobre la base de la ganancia de peso vivo, el costo de
alimentacion disminuy6 en la medida que se incremento
NE, con valores de $2.08, 1.92, 1.40 y 1.23/kg de aumento
de peso para T0, T33, T75 y T100, respectivamente. Con
respecto a TO, el costo de alimentacion por kilogramo de
aumento de peso vivo disminuy6 7.7, 32.7 y 40.7 % para
T33, T75 y T100, respectivamente.

Se concluye que el ensilaje integral de camote no
afectd la ganancia de peso vivo ni conversion alimentaria,
lo que nutricionalmente hace viable su utilizacion en la
sustitucion del grano de maiz en dietas para bovinos en
crecimiento. Para maximizar la respuesta econémica, se
recomienda nivel de sustitucion de 100 % del grano de
maiz por ensilaje integral de camote.
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